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1
SEMICONDUCTOR DEVICE AND METHOD
FOR PRODUCING A SEMICONDUCTOR
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to German Patent Appli-
cation number 102013112887 .4, filed on Nov. 21, 2013 and
is hereby incorporated in its entirety.

FIELD

The present disclosure relates to a semiconductor device
and to a method for producing a semiconductor device.

BACKGROUND

Power MOSFETs (Metal Oxide Semiconductor Field
Effect Transistors) are examples of semiconductor devices
which are used for switching power or energy sources,
inverter devices or the like. By way of example, these
MOSFETs are designed to switch high voltages in the case
of low-impedance loads, such that there is a very small
switching and conduction loss and thus a low area-specific
on resistance R, * A, where A denotes the area required for
the power MOSFET. At the same time, a high breakdown
voltage should be present in power MOSFETs in the
switched-off state. Depending on the voltage class, a power
MOSFET in the switched-off state withstands a drain-source
voltage VDS of a few tens to a few hundreds of volts, for
example 300 to 800 volts. Furthermore, power MOSFETs
should conduct a very high current which can be up to a few
hundred amperes at a gate-source voltage of approximately
10 to 20 V under a low voltage drop VDS.

In order to satisfy the increasing demands foralow R _,.A
and a high breakdown voltage, it is desirable to develop new
concepts for a semiconductor device, for example a vertical
semiconductor device. Examples of such semiconductor
devices are found in IP.COM-publication No.
TPCOMO000010537D (Jan. 23, 2003) “Trench DMOS fiir
Kompensationsbauelemente” by O. Héberlen and M. Riib
(http://ip.com/IPCOM/000010537).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are enclosed in order to
afford a further understanding of exemplary embodiments of
the disclosure, and they are included in the disclosure and
form part thereof. The drawings illustrate exemplary
embodiments of the present disclosure and together with the
description serve for elucidating the principles. Other exem-
plary embodiments of the disclosure and a great many of the
intended advantages are immediately acknowledged since
they can be better understood with reference to the following
detailed description. The elements in the drawings are not
necessarily true to scale relative to one another. Identical
reference signs indicate correspondingly similar parts.

FIGS. 1A to 1D show different cross-sectional views of a
semiconductor device in accordance with one embodiment;

FIGS. 2A to 2D show cross-sectional views of a further
configuration of a semiconductor device;

FIGS. 3A to 3D show cross-sectional views of a further
embodiment of a semiconductor device;

FIGS. 4A to 41 show cross-sectional views of a semicon-
ductor substrate during the production of a semiconductor
device in accordance with one exemplary embodiment; and
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FIG. 5 shows a flow chart for illustrating a method for
producing a semiconductor device in accordance with one
embodiment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form part of the disclo-
sure and show for illustration purposes specific example
embodiments in which the disclosure can be implemented.
In this regard, direction terminology such as “at the top”, “at
the bottom™, “at the front”, “at the back”, “leading”, “trail-
ing”, etc. is used with reference to the orientation of the
figures just described. Since component parts of example
embodiments of the present disclosure can be positioned in
a number of different orientations, the direction terminology
is used for illustration purposes and not restrictively in any
way whatsoever. It should be understood that other example
embodiments can be used and structural or logical changes
can be made, without departing from the scope of the present
disclosure. Therefore, the following detailed description
should not be interpreted in any restrictive sense, and the
scope of the present disclosure is defined by the appended
patent claims.

The terms “substrate” or “semiconductor substrate”
which are used in the following description encompass any
structure which is based on a semiconductor and which has
a semiconductor surface. Substrate and structure should be
understood such that they encompass silicon, silicon on
insulator (SOI), silicon on sapphire (SOS), doped and
undoped semiconductors, epitaxial layers of silicon which
are supported by a basic or base semiconductor layer, and
other semiconductor structures. By way of example, the
“substrate” or “semiconductor substrate” can be a monoc-
rystalline material. The semiconductor need not be based on
silicon. The semiconductor can likewise be silicon carbide,
silicon-germanium, germanium, gallium nitride or gallium
arsenide. In the context of the present disclosure, the term
semiconductor substrate encompasses in particular a con-
struction that arises if trenches are etched into a monocrys-
talline semiconductor layer and said trenches are subse-
quently filled with semiconductor material.

In the present disclosure, reference is made to doped
parts, such as, for example, doped parts of a first or of a
second conductivity type. As should clearly be understood,
the terms “first” and “second” conductivity type can relate to
n- or p-doped semiconductor parts, or vice versa. These parts
can be formed by generally known doping methods by
means of dopants such as, for example, As, P, S, Sb as an
n-type dopant for silicon material. Examples of a p-type
dopant for silicon material include B, Al or In.

In the present description, a current path is described at
some points. Said current path indicates a path along which
a current flow can take place, independently of the actual
direction of the current flow.

The expressions “coupled” and/or “electrically coupled”
used herein do not require a direct coupling, but rather
permit elements between the “coupled” or “electrically
coupled” elements. The expression electrically connected is
intended to indicate a low-impedance electrical connection
between the elements electrically connected to one another.

The description describes a semiconductor device which
can be operated, for example, as an individual device.
However, it can also be integrated with further component
parts, for example logic component parts, in order to form an
integrated circuit.
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FIG. 1A shows a cross-sectional view of a semiconductor
device in accordance with one embodiment. The cross-
sectional view shown in FIG. 1A is established between 111
and II' as is illustrated for example in FIG. 1B. The
semiconductor device shown in FIG. 1A comprises a semi-
conductor substrate 150. The semiconductor substrate 150
contains first regions 120 of a first conductivity type and
body regions 220 of the first conductivity type. In this case,
the body region 220 is arranged in each case on a side of the
region 120 which faces a first surface 110 of the semicon-
ductor substrate 150, and adjoins the region 120. The
semiconductor device furthermore comprises a multiplicity
of drift zone regions 260 which are arranged in the first
surface 110 of the substrate 150. The drift zone regions 260
extend in a first direction having a component perpendicular
to the first surface 110. By way of example, the drift zone
regions 260 extend perpendicularly to the first surface 110.
In accordance with one interpretation, the semiconductor
substrate 150 thus contains webs 125 and a multiplicity of
drift zone regions 260 arranged between the webs. The webs
125 in each case contain the first region 120 of the first
conductivity type and the body region 220.

The body regions 220 overlap the first regions 120. That
is to say that the body regions 220 are positioned in a
horizontal direction such that body region 220 and first
region lie vertically one above another, that is to say that a
line running perpendicularly to the substrate surface inter-
sects both regions. In accordance with one configuration,
body regions 220 and first regions 120 can completely
overlap or substantially completely overlap at their inter-
face. If the regions completely overlap, more than 99 to
100% of the horizontal extent of the body region 220 lies
above the first region at the interface. In the case of
substantially complete overlapping, the body region 220 lies
above the first region at the interface over approximately 85
to 99% of the horizontal extent of said body region, that is
to say that the body region 220 can be horizontally displaced
by approximately 1 to 15% relative to the first region.
Regions can taper or widen with increasing distance from
the interface. The above definition of the overlapping relates
in each case to the overlapping at the interface. In the context
of the present description, the expression “horizontally off-
set” means that the overlapping is minimal, for instance less
than 5% of the interface, and that the horizontal overlapping
is caused predominantly by production-dictated fluctuations.

The drift zone regions 260 contain monocrystalline or
epitaxially grown semiconductor material 425 of a second
conductivity type. In this case, the second conductivity type
is different than the first conductivity type. By way of
example, the first conductivity type can be p-conducting and
the second conductivity type can be n-conducting. The
semiconductor material 425 forms the drift zone of the
power MOSFET. In accordance with one embodiment, the
first regions 120 and the body regions 220 overlapping the
first regions 120, and the drift zone regions can be formed
by drift zone trenches 420 being formed in a semiconductor
substrate and the semiconductor substrate being doped dif-
ferently. By way of example, the drift zone regions 260 can
be formed by monocrystalline semiconductor material 425
being introduced in the drift zone trenches 420. With cor-
responding production of the drift zone regions 260, the
latter have a corresponding cross section with sidewall
running approximately rectilinearly, for example. Alterna-
tively, the sidewall can also be curved. The sidewall can
correspond for example to a sidewall which can be defined
by an etching process. The first regions 120 of the first
conductivity type and the drift zone regions 260 composed
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of semiconductor material of the second conductivity type
are arranged alternately with respect to one another and form
a superjunction structure.

The semiconductor device furthermore contains a gate
electrode arranged adjacent to the body region 220. As
illustrated in FIG. 1A, the gate electrode 215 is electrically
insulated from the body region 220 by a gate dielectric 210.
The gate electrode 215 is arranged in a trench formed in the
semiconductor substrate 150. In accordance with one
embodiment, the gate electrode 215 can be formed in a
self-aligned manner with respect to the drift zone regions
260. By way of example, the gate electrode 215 can be
aligned in a horizontal direction with respect to the drift zone
region 260, such that it is arranged directly above the drift
zone region 260. By way of example, the drift zone regions
are formed by the formation of drift zone trenches 420. The
gate electrode 215 is arranged in each case in the upper
region of the drift zone trenches 420, and the semiconductor
material 425 of the second conductivity type is arranged in
a lower region of the drift zone trenches 420. In this case,
every position in the lower region of the drift zone trench is
at a greater distance from the first surface 110 than an
arbitrary position in the upper region of the drift zone trench
420. By way of example, an upper drift zone trench region
can be a part which adjoins the body region 220. A lower
part of the drift zone trench corresponds to a part adjacent to
a drain region 250.

The semiconductor device furthermore comprises the
drain region 250, which is electrically connected to the
semiconductor material 425 of the second conductivity type
in the drift zone trenches 420. The drift zone regions 260
adjoin the drain region 250. By way of example, the drain
region 250 can adjoin a second surface 115 of the semicon-
ductor substrate. The drain region 250 can be of the second
conductivity type, for example.

The semiconductor device shown in FIG. 1A furthermore
comprises source regions 232, which are formed in a manner
adjoining the first surface 110 of the semiconductor substrate
150. The source regions 232 are of the second conductivity
type, for example. The source regions 232 are electrically
connected via source contacts 235 to a metallization layer,
which forms the source electrode 240. As illustrated in FIG.
1A, the source contacts 235 can be configured in such a way
that they extend right into the body region 220. In this case,
the source contacts 235 additionally ensure contact between
the body region 220 and the source electrode 240 which
substantially suppresses a parasitic bipolar transistor that
might otherwise form at this location.

Furthermore, a rear-side metallization is provided on the
second surface 115 of the semiconductor substrate 150, said
metallization forming the drain electrode 255.

The semiconductor device can furthermore contain a
more highly doped region 130 embedded into the region of
the first conductivity type. The more highly doped region
130 is of the first conductivity type and has a higher dopant
concentration than the adjoining region 120. The region 130
can form a kind of “predetermined breaking location”, for
example, at which the avalanche breakdown takes place if an
avalanche breakdown occurs. The region 130 can have a
dopant concentration increased by approximately 20 to 30%
compared with the region 120.

In accordance with one configuration, the region 130 can
be embedded in such a way that it is present only in the inner
region of the cell array, while no region 130 is provided in
the edge region.

If the semiconductor device illustrated in FIG. 1A is
switched on by a suitable gate voltage being applied, a
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conducting inversion layer forms at the interface between
the body region 220 and the gate dielectric 210. A conduct-
ing channel thus forms in a channel region 217, which
corresponds to a part of the body region or of the first region
120 at the interface with the gate dielectric 210. The channel
region 217 is furthermore arranged adjacent to the conduct-
ing material 425 in the drift zone trenches 420. The channel
region 217 substantially completely overlaps the first region
120. The channel region 217 is arranged horizontally offset
with respect to the drift zone trenches 420.

Correspondingly, the transistor is in a conducting state
from the source region 232 to the drain region 250 via the
drift zone region 260. Upon switch-off, no inversion layer
forms and thus no conducting channel forms at the interface
with the gate dielectric 210. Furthermore, charge carriers in
the drift zone region 260 are compensated for by charge
carriers of the first conductivity type from the webs 125.
Consequently, the drift zone region 260 is depleted of charge
carriers, which leads to a blocking of a current flow at a high
breakdown voltage. In this case, the doping of the semicon-
ductor material 425 within the drift zone region 260 is
dimensioned depending on the doping concentration of the
first region 120 such that the charge carriers within the drift
zone region 260 are compensated for. The semiconductor
device described thus constitutes a superjunction compo-
nent. The on resistance conversely depends directly on the
number of charge carriers within the drift zone region 260.
By increasing the number of charge carriers in the drift zone
region 260 by setting the dopant concentration to a value that
can still be compensated by the charge carriers within the
first region 120 it is thus possible to obtain a reduction of
R, *A, without the breakdown strength of the semiconduc-
tor device being impaired.

In the case of the geometry illustrated, the drift zone
trenches 420 can be arranged with a small spacing. Further-
more, a high density of gate electrodes can be achieved with
the geometry illustrated, as a result of which a lower
resistance of the semiconductor device is realized.

A multiplicity of drift zone regions 260 are formed
between the first regions 120 of the first conductivity type.
The drift zone regions 260 can extend in a second direction
parallel to the first surface 110, i.e. perpendicularly to the
direction of the illustrated cross section from FIG. 1A. They
can be embodied in the form of strips. Alternatively, how-
ever, they can also be embodied as holes or as expanded
holes. By way of example, the drift zone regions can have
a circular or a polygonal cross section. Arbitrary arrange-
ments of the holes are conceivable, for example a hexagonal
arrangement of the holes.

In the case of the arrangement shown in FIG. 1A, a
multiplicity of base transistors are connected in parallel with
one another. FIG. 1A thus shows an excerpt from a cell array
of a multiplicity of transistors connected in parallel. As
mentioned above, the more highly doped region 130 can be
formed in the inner region of the cell array, while no region
130 is present in the edge region of the cell array.

FIG. 1B shows a cross-sectional view established parallel
to the first surface 110 at the position I-I' as illustrated in
FIG. 1A. In the view illustrated in FIG. 1B, the gate
electrodes 215 run in the form of strips. The source contacts
235 are likewise embodied in the form of strips and run
parallel to the gate electrodes 215. At the first surface 110,
strips of source regions 232 and body regions 220 are
arranged alternately with respect to one another. In this case,
the strips respectively of the source regions 230 and of the
body regions 220 extend perpendicularly to the gate elec-
trodes 215.
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In accordance with a further configuration, as shown in
FIG. 1C, the body regions 220 can also be formed such that
they do not adjoin the first surface 110. As shown in FIG.
1A, the source contacts 235 extend right into the body region
220, such that it is possible to suppress the parasitic tran-
sistor even if the body regions 220 do not extend to the first
surface 110 and thus to the source electrode 240.

FIG. 1D shows a cross-sectional view established
between II and II' as illustrated in FIG. 1A. As can be seen,
drift zone regions 260 are arranged alternately with respect
to semiconductor webs 125. In the arrangement shown in
FIG. 1D, the drift zone regions 260 are formed in a striplike
fashion. The drift zone regions 260 are formed by semicon-
ductor material 425 of the second conductivity type.

FIG. 2A shows a further embodiment, wherein the trench
region 213 in which the gate electrode 215 is arranged has
a larger width than the drift zone region 260. In accordance
with this embodiment, the gate resistance can be reduced on
account of the larger diameter of the gate electrode 215.
Furthermore, the width of the body region 220 can be
reduced to an extent such that, in the switched-on state of the
transistor, the depletion zones that respectively form at the
interface between body region 220 and gate electrode con-
tact one another. Correspondingly, the transistor can be
operated in a so-called fully depleted state in which the
sub-threshold slope of the transistor is optimized, thus
resulting in advantageous effects.

In accordance with the configuration shown in FIG. 2B,
the trench (region) in which the gate electrode is to be
formed can be filled with a layer stack containing a con-
ducting layer, instead of being filled with a conducting
filling. The trench (region) in which the gate electrode is to
be formed can have a width of a plurality of um, for
example. In this case, it is difficult in terms of process
engineering to introduce a conducting filling which com-
pletely fills the trench. In accordance with the configuration
shown in FIG. 2B, after a gate dielectric 210 has been
applied, the trench region is filled with a conformal doped
polysilicon layer, which can have a suitable layer thickness,
and then an insulating layer 232 composed of silicon oxide,
for example.

In accordance with the embodiment shown in FIG. 2C,
the trench region 214 in which the gate electrode is to be
formed can have a smaller width than the drift zone region
260 at least at the location of the interface with the drift zone
region 260. Furthermore, the trench region 214 can project
right into the drift zone region. By way of example, the
trench region 214 in which the gate electrode is to be formed
can taper toward the drift zone region 260. This can be
achieved by suitable selection of the parameters for etching
said trench region. In the case of the embodiment shown in
FIG. 2C, therefore, a part of the drift zone 260 adjoins the
body region 220. Furthermore, a part 2105 of the gate
dielectric 210 can be formed with a greater thickness than
other parts of the gate dielectric 210. By way of example, the
part of the gate dielectric in the bottom region of the trench
region 214 for the gate electrode is thicker than other parts.
As aresult thereof and as a result of the reduced width of the
gate electrode on the side of the drain region, the gate-drain
capacitance of the semiconductor device can be reduced
further.

FIG. 2D shows a further embodiment of a semiconductor
device, wherein the trench region 219 in which the gate
electrode 215 is formed has a smaller width than the
underlying drift zone region 260. As a result of such an
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arrangement, the width of the gate electrode on the side of
the drain region is reduced, which leads to a reduction of the
gate-drain capacitance.

In the case of the embodiments shown in FIGS. 1 and 2,
the gate electrode 215 is arranged in each case in a self-
aligned manner with respect to the drift zone regions 260
and is aligned with the latter.

In the case of the embodiment illustrated in FIG. 3A, the
gate electrode 215 is arranged in gate trenches 312 extend-
ing perpendicularly to the drift zone region 260. As illus-
trated in FIG. 3A, the body regions 320 are arranged above
the drift zone regions 260. The gate trenches 312 are
arranged in front of or behind the plane of the drawing
shown. The source regions 330 adjoining the first surface
110 are connected to the source electrode 340 via source
contacts (not illustrated in this cross-sectional view). The
position of the cross-sectional view between III and III' is
evident from FIG. 3B.

FIG. 3B shows a cross-sectional view of the illustration
shown in FIG. 3A, wherein the cross-sectional view shown
in FIG. 3B is established between I and I', as identified in
FIG. 3A. As can be seen in FIG. 3B, the gate electrode 315
extends perpendicularly to the drift zone trenches 420. The
source regions 330 and the body regions 320 can be arranged
in each case in a striplike fashion, wherein the strips extend
perpendicularly to the gate electrode 315.

In accordance with the configuration shown in FIG. 3C,
however, it is also possible for only the source regions 330
to adjoin the first surface 310. FIG. 3D shows a cross-
sectional view of the structure between II and II', as is also
shown in FIG. 3A. As can be seen, the drift zone regions 260
with the semiconductor material 425 are arranged alternately
with respect to the webs 125.

A method for producing the semiconductor device shown
in FIG. 1 will be described below. A monocrystalline semi-
conductor layer of the first conductivity type 120 is grown
epitaxially above a substrate basic layer 100 of the second
conductivity type. By way of example, the substrate basic
layer 100 can be a heavily n*-doped semiconductor wafer.
Optionally, the substrate basic layer 100 can also be an
n~-doped semiconductor wafer, with a more highly doped
region adjoining the second surface 115. A layer of the first
conductivity type, for example p-doped silicon, is grown
epitaxially on the first surface of the substrate basic layer
100. By way of example, the grown layer can have a layer
thickness of 30 to 60 um, for example 40 um. Optionally, a
more highly doped layer 130 can be provided within said
layer 120. By way of example, the layer 130 can be
produced by increasing the dopant concentration during the
epitaxial growth. Alternatively, however, it is also possible
to produce the layer 130 by targeted implantation. A com-
bination of the two methods for setting a desired dopant
concentration is also conceivable. In particular, using a
photolithographically produced mask, an implementation
method can be carried out in such a way that the region with
the buried layer 130 is present only in the inner region of the
cell array, while no buried doped layer 130 is present at the
edge of the cell array. The buried doped layer 130 can be
present approximately within the center of the epitaxially
grown layer 120, but deviations upward or downward are
also possible. A substrate 150 having a first surface 110 and
a second surface 115 is present as a result. The first region
120 of the first conductivity type adjoins the first surface
110, and a region of the second conductivity type adjoins the
second surface 115.

FIG. 4A shows one example of a semiconductor substrate.
A hard mask layer is subsequently formed above the first
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surface 110. The hard mask 410 can contain for example a
silicon oxide layer or a silicon nitride layer or a combination
of these layers. It goes without saying that other hard mask
materials can also be used. The hard mask is patterned after
a photoresist layer 420 has been applied. By way of
example, the hard mask layer 410 can be patterned using a
strip pattern. In this case, these strips can have a grid width
of 0.5 um to 10 um. Openings between adjacent hard mask
strips can have a width of approximately half a grid width.
Correspondingly, a typical opening width between adjacent
hard masks strips is approximately 200 nm to 5 pm.

FIG. 4B shows a view of one example of a resulting
structure. Next, drift zone trenches 420 are etched using the
hard mask 410 as an etching mask. For example, a dry
etching method, for example reactive ion etching, can be
used as etching method. The etched drift zone trenches 420
have a depth of approximately 40 to 50 pum, which is
customary for example for a reverse voltage of 600 V. The
drift zone trenches 420 are etched such that they extend to
the basic layer 100 and are connected thereto. The etching
can be carried out in such a way that the bottom of the drift
zone trenches is rounded, as is illustrated in FIG. 4C. This
can be done for example by means of an isotropic etching
toward the end of the etching method, by means of a surface
treatment or by means of the formation of an oxide layer
(e.g. by means of thermal oxidation) and a subsequent step
for etching the deposited oxide layer. As described above,
the drift zone trenches can be embodied in an arbitrary
geometry, for example as holes having an arbitrary cross
section, elongate holes or trenches which extend over a
certain length in a second direction perpendicular to the
cross-sectional view illustrated.

Semiconductor material of the second conductivity type is
subsequently grown epitaxially in the drift zone trenches
420. In this case, the semiconductor material can either be
applied by means of a selective epitaxy method, thereby
preventing the epitaxially grown material from also growing
on the hard mask layer 410. Alternatively, the semiconductor
material can also be grown non-selectively. In this case, the
semiconductor material above the hard mask layer 410 can
subsequently be removed for example by means of a CMP
method (chemical mechanical polishing). The semiconduc-
tor material of the second conductivity type is doped in situ
during growth. In this case, the dopant concentration is set
to be lower than the dopant concentration of the basic layer
100. The layer within the drift zone trenches 420 can be
grown with varying dopant concentration, wherein the dop-
ant concentration is set in a targeted manner so as to result
in a predefined doping profile. In accordance with one
example, firstly a more highly doped layer can be deposited
conformally and then a more lightly doped material can be
filled in. This results in a horizontally varying dopant
concentration. A horizontally varying dopant profile also
results if, by way of example, after the conformal deposition
of a semiconductor layer, an isotropic doping method such
as PLAD (plasma assisted doping), for example, is carried
out, which sets a dopant concentration on the trench wall,
and a material having a lower dopant concentration is then
filled in. In accordance with a further example, in a lower
trench region, too, the dopant concentration can be higher
than in an upper trench region. As a result, it is possible to
compensate for variations of the trench width that can arise
for example as a result of the etching method. Overall, the
dopant concentration should be dimensioned such that after
the compensation of the charge carriers in the drift zone 260
by charge carriers of opposite polarity of the adjoining first
region 120, the remaining number of charge carriers in the
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drift zone 260, that is to say the depletion charge, leads to a
breakdown voltage corresponding to the voltage class.

FIG. 4D shows a cross-sectional view of one example of
the resulting structure. As is shown, the drift zone trenches
420 are now filled with semiconductor material 425 of the
second conductivity type and form drift zone regions 260.
Webs 125 formed from semiconductor material of the first
conductivity type are arranged between adjacent drift zone
trenches 420. In order to form the gate electrodes in accor-
dance with the embodiment illustrated in FIG. 1A, the upper
part of the trench filling 425 is subsequently etched back. In
this case, residues of the patterned hard mask 410 are still
present on the first surface 110 of the semiconductor sub-
strate 150. The trench opening 430 can be formed to a depth
of 0.5 to 2 pm.

FIG. 4E shows one example of a resulting structure.

In accordance with further configurations of the method,
the etching-back method can contain an isotropic etching
step or a thermal oxidation step followed by etching back the
oxide. As a result, it is possible to expand the upper trench
region in order to form the expanded trench region 213. In
accordance with a further embodiment, the etching param-
eters can be set such that the resulting trench region 214, at
the location at which it contacts the drift zone trench 420,
has a smaller diameter than the drift zone trench. By way of
example, the trench region 214 can taper toward the drift
zone trench. The subsequent ion implantation step for form-
ing the body region 220 compensates for doping profiles in
the adjoining web 125, as is illustrated for example in FIG.
2C.

In accordance with a further configuration, for producing
the embodiment shown in FIG. 2D, proceeding from FIG.
4D, it is possible to form spacers made from a suitable
material, for example a material that can be etched selec-
tively with respect to the material of the hard mask 410, for
example by conformal deposition of this material and a
subsequent anisotropic etching step. The diameter of the
openings exposed by the resulting hard mask 410 is reduced
as a result. An etching step for producing the trench opening
430 can subsequently be carried out using this hard mask.
The later doping step for defining the body regions 220
compensates for undesired doping profiles adjoining the
resulting trench opening.

In order to produce the embodiment shown in FIG. 3A,
alternatively, the residues of the hard mask 410 can be
removed and trenches extending perpendicularly to the drift
zone trenches 420 can subsequently be defined lithographi-
cally. An etching can subsequently be carried out analo-
gously to the etching method shown in FIG. 4E. The
subsequent steps for producing the gate electrode are iden-
tical in this case.

A gate dielectric 210 is subsequently formed, for example
by means of thermal oxidation. The layer thickness of the
gate dielectric 210 can be 10 to 100 nm. A conducting
material is subsequently filled into the trench opening 430,
for example doped polysilicon. A lithographic step is sub-
sequently carried out in order to pattern the deposited
polysilicon. Alternatively, the polysilicon can also be etched
back without being patterned.

FIG. 4F shows a cross-sectional view of a resulting
structure. As is shown, the gate electrodes 215 are now
arranged at the upper regions of the drift zone trenches 420.

An ion implantation method for forming the body regions
220 is subsequently carried out. The body regions 220 can
alternatively also be formed in other processing stages. By
way of example, they can be formed before the etching back
of the monocrystalline material 425 in the drift zone
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trenches 420 or else before the etching of the drift zone
trenches. The exact point in time can be chosen according to
the requirements imposed by the specific semiconductor
device. In this case, these regions are doped with dopants of
the first conductivity type in order to provide a higher dopant
concentration than in the region 120. A corresponding dop-
ing step is also carried out for producing the structure shown
in FIG. 3. Since the dopant concentration of the body region
220, 320 is significantly higher than the dopant concentra-
tion of the semiconductor material 425, the doping within
the trenches 420 is covered by the doping of the body region
320.

FIG. 4G shows a cross-sectional view of a resulting
structure. The process steps conventionally used are subse-
quently carried out in order to form the source region 230.
By way of example, an ion implantation method can be
carried out in order to form the source regions 230 at the first
surface 110. An insulating layer 232, for example silicon
dioxide, can subsequently be deposited. After source con-
tacts 235 have been formed in a customary manner, it is
possible to apply a metallization layer 240 for producing the
source electrode 240. FIG. 4H shows a cross-sectional view
of a resulting structure.

The rear side of the semiconductor device is then pro-
cessed further. If appropriate, steps for wafer thinning can be
carried out. If appropriate, it is possible to carry out an ion
implantation step for improving the contact. Furthermore, a
rear-side metallization can be applied, which forms the drain
electrode 255. FIG. 41 shows a cross-sectional view of a
resulting structure.

FIG. 5 shows a flow chart of a method in accordance with
one embodiment.

A method for producing a semiconductor device com-
prises forming (S10) a multiplicity of drift zone trenches 420
in a first surface 110 of a semiconductor substrate 150
having a first region 120 of a first conductivity type and a
body region 220 of the first conductivity type, wherein the
drift zone trenches 420 are formed such that they extend in
a first direction having a component perpendicular to the
first surface 110, introducing (S20) semiconductor material
425 of a second conductivity type in the drift zone trenches
420, wherein the second conductivity type is different than
the first conductivity type, forming (S30) a gate electrode
215 arranged in a trench in the substrate 150. The method
can furthermore comprise forming (S40) a drain region 250
and electrically connecting the drain region 250 to the
semiconductor material 425 of the second conductivity type
in the drift zone trenches 420.

As has been shown, the method described makes it
possible to realize a semiconductor device, in particular a
superjunction semiconductor device, with reasonable pro-
cess complexity and low process costs. By virtue of the fact
that the drift zone and the gate electrode are formed in a
common drift zone trench in accordance with one embodi-
ment, the method can be realized in a simple and cost-
effective manner and very robustly. Furthermore, it is pos-
sible in this case to form the gate electrode in a self-aligned
manner with respect to the drift zone.

The invention claimed is:

1. A semiconductor device, comprising:

a semiconductor substrate

comprising first regions of a first conductivity type and
body regions of the first conductivity type, which are
arranged respectively in a manner adjoining the first
region and overlap the latter in each case on a side of
the first region which faces a first surface of the
semiconductor substrate, and
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comprising a multiplicity of drift zone regions arranged
between the first regions and composed of a semi-
conductor material of a second conductivity type,
which is different than the first conductivity type,
wherein the first regions and the drift zone regions
are arranged alternately and form a superjunction
structure, a gate electrode formed in a trench in the
semiconductor substrate; and

a source electrode connected to the body region of the

semiconductor substrate via a source contact that
extends from the source electrode into a source region
and then into the body region of the semiconductor
substrate,

wherein in each case a channel region is arranged in the

body region adjacent to the gate electrode, and wherein
the channel region is arranged in a manner horizontally
offset relative to the drift zone region.

2. The semiconductor device as claimed in claim 1,
wherein the channel region is electrically insulated from the
gate electrode and is arranged in each case adjacent to the
semiconductor material of the second conductivity type in
the drift zone regions.

3. The semiconductor device as claimed in claim 2,
wherein the channel region overlaps the first region.

4. The semiconductor device as claimed in claim 1,
wherein the drift zone regions are producible by forming
drift zone trenches in the semiconductor substrate and filling
the drift zone trenches with semiconductor material of the
second conductivity type.

5. The semiconductor device as claimed in claim 1,
wherein the drift zone regions furthermore extend in a
second direction parallel to the first surface of the semicon-
ductor substrate.

6. The semiconductor device as claimed in claim 1,
wherein the gate electrode is arranged in each case in a
trench in a self-aligned manner with respect to the drift zone
region and the drift zone region is arranged in each case
below the gate electrode.

7. The semiconductor device as claimed in claim 5,
wherein the trench region in which the gate electrode is
arranged has a larger width than the drift zone region.

8. The semiconductor device as claimed in claim 5,
wherein the trench region in which the gate electrode is
arranged has a smaller width than the drift zone region.

9. The semiconductor device as claimed in claim 1,
further comprising gate trenches which are formed in the
semiconductor substrate and in which the gate electrode is
arranged, wherein the gate trenches extend perpendicularly
to the drift zone regions.

10. The semiconductor device as claimed in claim 1,
wherein in each case the gate electrode is arranged in a
trench region which is connected to the drift zone region and
which tapers toward the drift zone region and extends right
into the latter.
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11. The semiconductor device as claimed in claim 1,
further comprising a region of the first conductivity type
which is buried in the first region and which is doped more
highly than the first region.

12. An integrated circuit, comprising the semiconductor
device as claimed in claim 1.

13. A method for producing a semiconductor device,
comprising:

forming via a first etch, a plurality of drift zone trenches

in a first surface of a semiconductor substrate having a
first region of a first conductivity type and a body
region of the first conductivity type, wherein the drift
zone trenches are formed such that they extend in a first
direction having a component perpendicular to the first
surface,

filling an entirety of the drift zone trenches with a semi-

conductor material of a second conductivity type,
which is different than the first conductivity type, for
the purpose of forming drift zone regions,
forming via a second etch, a trench in each of the drift
zone trenches, wherein the semiconductor material of
the second conductivity type is etched from an upper
portion of each of the drift zone trenches; and

forming a gate electrode arranged in each case in the
trench formed in the drift zone trenches.

14. The method as claimed in claim 13, further compris-
ing forming buried regions which are buried within the first
region and have a higher dopant concentration of the first
conductivity type than the first region.

15. The method as claimed in claim 13, wherein the drift
zone trenches are formed with a widened trench region
adjoining the first surface and the gate electrode is formed in
each case in said widened trench region.

16. The method as claimed in claim 13, wherein in each
case the gate electrode is formed in a trench region which is
connected to the drift zone trench and which tapers toward
the drift zone trench and extends right into the latter.

17. The method as claimed in claim 13, wherein the drift
zone trenches are formed with a narrowed trench region
adjoining the first surface and the gate electrode is formed in
each case in said narrowed trench region.

18. The method as claimed in claim 13, further compris-
ing forming gate trenches in the semiconductor substrate,
the gate electrode being formed in said gate trenches,
wherein the gate trenches extend perpendicularly to the drift
zone trenches.

19. The method as claimed in claim 13, wherein a dopant
concentration of the second conductivity type is set in a
targeted manner in the drift zone trenches in order to achieve
a predefined doping profile.

20. The method as claimed in claim 13, further compris-
ing forming source contacts that extend from source elec-
trodes into a source region and then into the body region of
the semiconductor substrate.
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